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Progress  Report  
NSG-643 

A p r i l  1 - September 30, 1965 

During t h e  s i r -month p e r i o d  covered by t h i s  r e p o r t  (4-1-65 t o  

9-30-65) p r o g r e s s  can  be summarized i n  fou r  d i f f e r e n t  n r e a s  as  fo l lows :  

I. I d e n t i f i c a t i o n  of spore formers  2nd o t h e r  h e a t  r e s i s t a n t  micro-  

organisms a c t u a l l y  recovered  from f a l l o u t  . s t r i p s  i n  conven t iona l  ae ro - space  

c l e a n  room" f a c i l i t i e s .  t l  

11. Experimental  de te rmina t ion  of dry  h e a t  r e s i s t a n c e  of  t h e  

s p e c i f i c a l l y  i d e n t i f i e d  s p o r e  formers, w i t h  p a r t i c u l a r  r e f e r e n c e  t o  t h e  

135' C. f o r  24 hours  c y c l e .  

111. Experiments r e l a t e d  t o  human c o n t a c t  contaminat ion  of  v a r i o u s  

r e p r e s e n t a t i v e  m a t e r i a l s  and s imula ted  components. 

IV. Progres s  toward t h e  design and c o n s t r u c t i o n  of n smz111 12minar 

downflow f a c i l i t y  f o r  f u t u r e  e v a l u a t i o n .  



I IDENTIFICATION OF HEAT RESISlYiNT ORGANISMS ISOLATED FROM INDUSTRIAL 
CLEAN ROOMS 

An a t t empt  has  been made t o  i d e n t i f y  h e a t  r e s i s t a n t  o r g m i s m s  i s o l a t e d  

from 1" )I 2"  f a l l o u t  

Minnegpolis Honeywell 2nd Univnc r e s p e c t i v e l y .  

were summcrized i n  t h e  p rev ious  p rogres s  r e p o r t .  

s t r i p s  loca t ed  i n  I n d u s t r i a l  Clean Rooms A and D a t  

E v n l u ~ t i o n s  of t h e s e  s t r i p s  

Colonies  viere p icked  from t h e  a e r o b i c  p1,otes t o  tubes  of  b r n i n  h e a r t  

0 i n f u s i o n  b r o t h  2nd incubnted  n t  32 C.  A f t e r  48 hour s ,  t ubes  showing 

growth were s t r e a k e d  on t r y p t i c a s e  soy aga r  p l p t e s ,  i ncuba ted  f o r  24 hours  

and p icked  t o  TAM s p o r u l a t i o n  ngnr s l n n t s  . Broth tubes  showing no growth 

were h e l d  f o r  one week b e f o r e  be ing  d i sca rded  2 s  n e g a t i v e .  

1) 

Smears were mnde  from t h e  TAM s l c n t s  s f t e r  48 hours  i n c u b a t i o n  a t  

0 32 C. t o  check f o r  p u r i t y ,  Gram r e n c t i o n  2nd s p o r u l 2 t i o n .  I f  no s p o r u l a -  

t i o n  w2.s nppa rcn t ,  s l r n t s  were re- incubntcd  m d  checks mgde n t  48 hour i n t e r -  

v a l s  f o r  s p o r e s .  1 , f t e r  e i g h t  days i n c u b a t i o n  i f  no s p o r u l a t i o n  had occur red ,  

organisms were t r n n s f e r r e d  t o  "G" medium2), 2nd t h e  Pbove procedure  r epen ted .  

A t o t a l  of t h r e e  orgnnisms have r e s i s t e d  a11 a t t e m p t s  t o  induce  s p o r u l a t i o n .  

A f t c r  s p o r u l n t i o n  w.?s observed, i s o l a t e s  were i d e n t i f i e d  u s i n g  proce-  

du res  and m e d i a  set f o r t h  by Smith, Gordon, and C la rk3) .  

was hnsed on mic roscop ic  morphology and biochemicpl r e a c t i o n s .  

t i o n s  o r  bncterophnges have been employed. 

Many o rgmisms  d id  no t  f i t  p r e c i s e l y  i n t o  t h e  key of Smith, e t  c l . ,  

k ~ 1 1  i d e n t i f i c a t i o n  

No n g g l u t i n n -  

nor  i n t o  ?.ny of t h e  f o u r  r d d i t i o n a l  s p e c i e s  desc r ibed  i n  "Bergey's Manual of 

De te rmina t ive  B?cter io logy" ,  7 t h  e d i t i o n .  These organisms have been p l aced  

a r b i t r a r i l y  i n  t h c  s p e c i e s  they most c l o s e l y  resemble as desc r ibed  by t h e  

above a u t h o r s .  



Spec ies 

B. s u b t i l i s  

B. pumilus 

B. megnterium 

B. c e r e u s  

B . pcn t o t h e n  t i c u s  

B. c i r c u l a n s  

B. l ?* te rosporus  

h c t inomy c e t  r! 1 cs * 

A l l  i n i t i a l  i s o l a t i o n s  were c a r r i e d  o u t  on t r y p t i c a s e  soy  cgnr  a t  

0 32 C.  ; t h e r e f o r c ,  B n c i l l u s  s tenro thermophi lus  , which r e q u i r e s  nn i n c u b a t i o n  

tempera ture  o f  GO C . ,  cnd B a c i l l u s  p ~ s t e u r i i  which needs u r e a  o r  n l k a l i n e  0 

c o n d i t i o n s  f o r  growth, would no t  hove been i e o l n t e d  had they  been p r e s e n t  on 

t h e  s t r i p s .  

The r e s u l t s ,  t o  d,?te, o f  t h e s e  i d e n t i f i c n t i o n s  n r e  summnrized i n  

Table  I. It i s  n o t  s u r p r i s i n g  t h z t  v i r t u z l l y  n l l  i s o l p t e s  appear  t o  b e  ve ry  

common environmcntzl  s p o r e  forming b z c t c r i n .  

TABLE I 

Spec ie s  I d e n t i f i c c t i o n  of Spore Formers I s o l p t e d  From S t a i n l e s s  S t e e l  S t r i p s  
i n  Convcnt ionrl  Aerospnce " C l e m  Rooms I '  

No. of I s o l n t e s  

33 

28 

6 

6 

1 

1 

1 

1 

77 

- 
TotF.1 

" r h i s  organism i d e n t i f i e d  only  t o  o r d e r ,  no t  t o  genus and s p e c i e s .  
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11. DETERMINATION OF THERMAL DWiTH TIMES OF SPECIFIC "CLEAN ROOM" SPORE 
FORMERS 

This  procedure  w3s c a r r i e d  out on s e l e c t e d  i so l , ? t e s  i d e n t i f i e d  os 

desc r ibed  i n  S e c t i o n  I. 

The procedure  can  be o u t l i n e d  RS fo l lo t r s :  

1. The orgp-nism is  i d e n t i f i e d  2s a spore  former (pu t  i n t o  Group 1, 

3 )  2,  o r  3 on t h e  bcs-is of Smi th ' s  system of c l a s s i f i c n t i o n )  . 
2. The orgnnism i s  s t r enked  on t r y p t i c n s e  soy aga r  ,-.nd incubnted  f o r  

20 h r s  @ 32' C .  

3 .  A check is mede wi th  Gr;?m's  s t? . in  f o r  p u r i t y ,  i f  c u l t u r e  i s  n o t  

pure  n r e s t r c c k  i s  mnde on t r y p t i c x e  soy a g a r  2nd incubated  f o r  20 h r s  @ 

3 2  C . ;  >. G r 7 . m ' ~  st3.in i s  p r e p a r e d  to  check f o r  p u r i t y .  This  procedure  i s  0 

cont inued  u n t i l  2. pure  c u l t u r e  i s  obtnined.  

4.  The s i n g l e  p u r e  i s o l q t c  from t r y p t i c n s e  soy ngcr i s  s t r e n k e d  on 

0 11 I 1  G ngnr2)  7.nd incubated  f o r  48 hrs @ 3 2  C. A s p o r e  s t n i n  i s  prepared  t o  

check f o r  degree  of spo ru lc - t ion  clnd p u r i t y .  

ach ieved ,  t h e n  t h e  c u l t u r e  i s  n11oved t o  grow f o r  an n d d i t i o n n l  72 h r s .  

(This i s  t o  a s s u r e  s u f f i c i e n t  c o n c e n t r a t i o n  f o r  p r e p a r a t i o n  of t e s t  F l i q u o t .  

A l l  c u l t u r e s  nnnlyzed t o  do te  hcve reached  t h i s  degree  of s p o r u l a t i o n ) .  

I f  70% s p o r u l a t i o n  i s  n o t  

5. Two t o  f i v e  i s o l a t e s  from "GI' ,-g?.r are inocu la t ed  i n t o  2 f l a s k  

c o n t a i n i n g  75 m l s  of  "G" b r o t h ;  the f l n s k  i s  hen t  shocked f o r  15 minutes  

@ 80 

A s p o r e  stp.in i s  made. 

a n  a d d i t i o n a l  48 h r s  and check f o r  p e r  c e n t  of s p o r u l a t i o n .  I f  n o t  n t  

le'ist 70%, :: ncxr c u l t u r e  i s  s t c - r t c d .  

0 0 
C . ,  p l aced  on ;I mechnnic,?l sh;Ikcr and incubated  f o r  7 2  h r s  @ 32 C. 

I f  70% sporu lF t ion  hgs n o t  been ? c h i w e d ,  i n c u b a t e  

0 
6.  The tempera ture  of t h e  c u l t u r e  i s  reduced t o  5 C .  f o r  15 minu tes ,  
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t h e n  20 m l s  of t h e  c u l t u r e  i s  pu t  i n t o  2 s t e r i l e  screw cap c e n t r i f u g e  t u b e  

and c e n t r i f u g e d  ?.t 2,000 rpms f o r  60 minutes  @ 1 C .  The supernat<-.nt i s  

poured o f f  m d  rcp lnced  w i t h  20 m l s  of s t e r i l e  d i s t i l l e d  wa te r .  

0 

7 .  The  20 m l  suspens ion  is  d i l u t e d  t o  o b t n i n  a c o n c e n t r n t i o n  of 

npprox inz tc ly  100-1000 s p o r e s  p e r  0.1 m l  o f  n l i q u o t .  A d i l u t i o n  of t h e  

r e c o n s t i t u t e d  s p o r e  suspens ion  generP.11~ y i c l d s  t h i s  concen t r<? t ion .  

8. t de tc rn in? . t i on  of conccntr? . t ion of s p o r e s  i n  c2ch a l i q u o t  (of 

t h e  d i l u t i o n )  i s  checlccd i n  t h c  fo l lowing  n,-.nncr; 0 .01,  0.05, nnd 0.1 

m l  vo lunes  of t h e  s p o r e  suspcns ion  ?.re p l z t c d  i n  100 rnls of t r y p t o n e  g lucose  

y e m t  e::trp.ct ?.g,?r, incubntcd  7 2  h r s  @ 32 C .  2nd cnumcrnted by means of 2 

B7.c t r o n i c  Colony Counter . 
0 

9. 0.1 nl of d i l u t e  spo re  suspens ion  is depos i t ed  on 2 c l e m ,  

s t e r i l e  1" 1: 2" st:.inlcss s t ee l  s t r i p  con tn ined  i n  ,-, s t e r i l e  P e t r i  p l n t e ;  

t h e  innoculum i s  sp rczd  ou t  w i t h  7. wire, and w i t h  t h c  P e t r i  p l n t e  cove r s  

n j n r ,  rtlloved t o  dry i n  ,-. hood equipped w i t h  ,-.n n b s o l u t e  f i l t e r .  

10. Four groups (10 s t r i p s / g r o u p )  a r e  p r c p . r e d  i n  t h i s  mmner .  A 

p o s i t i v e  c o n t r o l  i s  run  w i t h  e.-.ch c u l t u r e  t e s t e d .  

0 11. f i t  135 C.  one group of t e n  s t r i p s  i s  chz l l enged  t o  15 minu tes ,  

one group t o  30 minu tes ,  one group t o  60 minutes  m d  one group t o  24 h r s  of 

dry h e n t  i n  n ho t  rtir convec t ion  oven equipped w i t h  '- c o n s t n n t  r e c o r d i n g  

thennometer.  

1 2 .  A f t e r  h e a t  t r ea tmen t  each s t r i p  i s  p laced  i n d i v i d u a l l y  i n t o  50 

m l s  of t r y p t o n c  g lucose  y e a s t  e x t r a c t  b r o t h  and allowed t o  incuba te  f o r  

14 days a t  32' c .  ~ 1 1  t r a n s f e r s  a r e  m a d e  i n  t h e  hood w i t h  a b s o l u t e  f i l t e r .  

13. The data  are r e p o r t e d  as a r a t i o  of t h c  number of p o s i t i v e  

s t r i p s  (demonst ra t ing  growth i n  TGY b r o t h )  t o  t h e  t o t a l  number of s t r i p s  
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t e s t ed  i n  each ser ies .  The p o s i t i v e  c o n t r o l  s t r i p s  must demonst ra te  growth 

i n  TGY b ro th .  

14.  S e l e c t e d  tubes  of organisms from b o t t l e s  demons t r a t ing  growth, 

as i n d i c a t e d  by t u r b i d i t y ,  a r e  v c r i f i e d  as  s i m i l a r  t o  t h e  o r i g i n a l  innoculum 

by b iochemica l ,  morphologica l  and o ther  r o u t i n e  m i c r o b i o l o g i c a l  s t u d i e s .  

R e s u l t s  of t h e s e  de te rmina t ions  a r c  summarized i n  Table  11. It can 

b e  s e e n  t h a t  t h e r e  was n o t  a s i n g l e  p o s i t i v e  s t r i p  fo l lowing  24 hours  a t  

135 C .  and ve ry  few s t r i p s  had su rv ivo r s  z 2 t c r  j u s t  one  hour  a t  t h a t  

t empera ture .  

0 



- 8 -  

VJ a 
0 
0 
r. 
n 
cn 

0 
m 
C') 

W 
0 
r( 

A 

n J 

0 
r 
0 rt 

0 

0 
r( a m 
., 
3 
0 
rt 

rt 

2 4 
4 
.@ 

I 

f-t 
0 

h) 
N cn 
\ 

*, 
n 
d 

+ 
\ 

1 
i 

- 

0 
\ 
4 

n 

0 
0 
1 c 
0 

r, 
r. 
0 
3 
Y 
r 

3 
0 
Y 
0 0 

\ 
2 

n 

?u 
\ 
d 

P- 
3 

m 
CJ 

0 
m 
I 

0 
\ 

-a 

n 

0 
\ 
A 

P 
3 



- 9 -  

111. EXPERIMENTS RELATED TO HUMAN CONTACT CONTAMINATION OF VARIOUS REPRE- 
SENTLlTIVE MTiTERIALS AND SIMUTATED CONPONENTS 

It i s  g c n c r n l l y  recognized  t h a t  human be ings  a r e  a p r i n c i p z l  

s o u r c e  o f  microbicll  contaminants  i n  c l e a n  room ?reps. The re fo re ,  informa- 

t i o n  concerned w i t h  contnminat ion  l c v c l s  t r a n s f e r r e d  by workers  i n  nssembly 

p r o c e s s e s ,  as well ns  t h e  c f f i c n c y  of  c o n t r o l  p rocedures ,  x c  obvious ly  of  

i n t e r e s t  t o  t h c  ae rospace  progr2.m. 

Hand c o n t n c t  zppears  t o  bc one of t h c  impor tnnt  mechmisms f o r  t r z n s -  

m i s s i o n  of microorgnnisms from t h e  zsscmbly l i n e  t c c h n i c i n n  t o  h i s  immediate 

su r round ings .  Becmse they  comc i n t o  i n t i m z t e  c o n t n c t  w i th  t h e  nose ,  mouth, 

body s u r f a c e s ,  ,?nd c l o t h i n g ,  a s  xrcll 2.s d u s t ,  s o i l ,  and mr?ny contnminatcd 

o b j c c t s ,  t h e  wor!r.cr's hznds ?re  c s p e c i a l l y  v u l n e r a b l e  t o  t h c  ?.ccumul?tion 

of  heavy c o n t m i n a t i o n .  

For t h i s  reclson, a ser ies  of experiments  now i n  p r o g r e s s  a t  our 

l n b o r a t o r i c s  is  bc ing  d i r e c t e d  toward o b t a i n i n g  a d d i t i o n a l  dz tn  cbout  t h e  

e x t e n t ,  p e r s i s t c n c c  2nd c o n t r o l  of m i c r o b i s l  contzminzt ion  t r n n s f e r r e d  by 

t h e  hands of pe r sons .  Although not  y c t  completed,  t h e s e  i n v e s t i g a t i o n s  

i n c l u d e  t h c  fo l lowing :  

Study t 
An a n a l y s i s  o f  t h e  degree of c o n t m i n a t i o n  depos i t ed  on d i f f e r e n t  - 
component n n t c r i n l s  by cont:.ct and mzn ipu lz t ion  w i t h  hands and 
f i n g e r s .  

Study B 
A dctennin,- . t ion of d i e - o f f  r;ltes of  ncl turcl  he te rogeneous  mic rob in l  
p o p u l a t i o n s  depos i t ed  on s u r f ~ . c c s  of v z r i o u s  m a t e r i n l s  7,s c r e s u l t  
o f  humm cont ,?ninat ion.  

Study C 
S t u d i e s  concerned w i t h  t h e  c f f e c t i v e n c s s  of d i f f e r c n t  c o n t r o l  
mcaeurcs f o r  r cduc izg  m i c r o h i - n l  cont?.ct c o n t n n i n n t i o n  i n  s imula t ed  
smol l  component Zssembly proccsscs .  
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Methods: 

T e s t s  of contaminat ion  depos i ted  by handl ing  were conducted on 1" x 2" 

s t r i p s  of  t h e  fo l lowing  seven  m a t e r i a l s :  

and w i t h  No. 5 o r  6 f i n i s h ,  (b )  1/32" aluminum, ( c )  1 /32"  epoxy g l a s s  

l amina te ,  (d )  1/16" copper covered epoxy lamina te ,  ( e )  2 oz .  r o l l e d  copper  

p l a t e d  w i t h  l e a d - t i n  s o l d e r ,  ( f )  1 /16"  l u c i t e ,  and (g )  1/32" t e f l o n .  

(2) s t a i n l e s s  s t e e l  of 28 gauge 

Simulated component assembly t r i a l s  were done w i t h  1/4" s t e e l  machine 

screws, washers ,  and n u t s .  

A l l  m a t e r i a l s  were thoroughly  c l eansed  by washing, i n  t u r n ,  w i th  h o t  

d e t e r g e n t  s o l u t i o n ,  h o t  t a p  w a t e r ,  hot  d i s t i l l e d  wa te r ,  i s o p r o p y l  a l c o h o l ,  

and then  e t h e r  r i n s e d  and d ra ined  dry.  Dry h e a t  s t e r i l i z a t i o n  a t  180 C. f o r  

90 minutes  w a s  used t o  k i l l  any remaining microorganisms (except  f o r  h e a t  

l a b i l e  m a t e r i a l s  which were s team autoc laved  a t  110 C.  f o r  30 minu tes ) .  

0 

0 

Levels of  contaminat ion  r e s u l t i n g  from human hand l ing  (Study ''A'') 

were s t u d i e d  u s i n g  t h e  1" x 2" s t r i p s  of d i f f e r e n t  m a t e r i a l s .  A l l  seven  

types  of m a t e r i a l  were contaminatcd s imul t aneous ly .  The s t e r i l e  s t r i p s  

were handled  acco rd ing  t o  a s t a t i s t i c a l l y  des igned ,  randomized p r o t o c o l .  

A group of  fou r  lc?boratory workers (two males and two fema les )  handled t h e  

s t r i p s  i n  each t r i a l .  By having  each s t r i p  handled by fou r  pe r sons ,  i t  

was hoped th2.t much of t h e  expected i n d i v i d u a l  v a r i a b i l i t y  could  be coun te r -  

a c t e d .  The i n d i v i d u s l s  were pos i t i oned  a long  a l a b o r a t o r y  bench t o  s i m u l a t e  

a n  assembly l i n e .  

man ipu la t ed  i t  wi th  f i n g e r s ,  turned i t  over  once and t h e n  passed i t  on t o  

t h e  n e x t  i n d i v i d u a l  i n  l i n e .  S t r i p s  were u l t i m a t e l y  c o l l e c t e d  i n  s t e r i l e  

P e t r i  d i s h e s  and ana lyzed .  

c o n s i s t i n g  of 25 s t r i p s  of each m a t e r i a l .  

The f i r s t  person of t h e  group p icked  up t h e  s t r i p ,  

A t o t a l  of fou r  t r i a l s  were conducted,  each 
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A s e p t i c  m i c r o b i o l o g i c a l  techniques were s c r u p u l o u s l y  observed i n  t h e  

a n a l y s e s .  I n  randomized o r d e r ,  czch s t r i p  r7ns p laced  i n  25 m l  o f  warmed 

(48O C.), X/15 phosphate  b u f f e r ,  p H  7 ,  w i t h  0.02% Tween "20", cnd shaken 

on a shak ing  machine f o r  5 minu tcs .  Thcn s t r i p s  were removed, embedded 

i n  P e t r i  d i s h e s  c o n t n i n i n g  15 m l  of moltcn TSA P..gcr, 2nd incubn tcd  a t  

3 2  C .  f o r  72 hours  ; i f t e r  which 3 colony coun t  w.s m a d e .  
0 

The tot2.1 25 m l  b u f f e r  e l u a t c  f o r  cach s t r i p  t72.s poured i n t o  n 150 mm 

P e t r i  d i s h  c o n t n i n i n g  a p r e v i o u s l y  prcp?.rcd 2 mm s o l i d i f i e d  TSi1 agor  base.  

The s h a k e r  b o t t l c  m s  r i n s e d  v i t h  ppproximc!tely 25 m l  o f  mo l t en  TSA a g c r  

which was addcd t o  t h e  c l u n t e  p l n t c .  L ~ . s t l y ,  z n  n d d i t i o n n l  100 m l  o f  

mol ten  a g c r  w.s ~ d d c d  t o  t h c  d is l i  t o  complete  t h e  pour p l , ? t e .  ,111 p l n t i n g  

t7as done i n  s p c c i F l  c c b i n e t s  equipped w i t h  ,?bsolu te  f i l t c r s .  t f t c r  72 

hour s  of c..crobic i n c u b c t i o n  a t  32 C . ,  c o l o n i e s  were counted w i t h  F. Bnc- 

t r o n i c  Colony Counter .  

0 

T o t a l  coun t s  of v i n b l e  p a r t i c l e s  f o r  ecch s t r i p  comprise t h e  e l u a t e  

c o u n t s  p l u s  t h e  count  of r e s i d u n l  c o l o n i e s  d e t e c t e d  on t h e  cmbcddcd s t r i p .  

Data a r e  r e p o r t e d  a s  v i n b l c  co lon ic s  p e r  s t r i p .  : ' i th  ench se r ies ,  s t e r i l e  

s t r i p s  were procefi.scd r.s c o n t r o l s  t o  chcclc on t h e  t echn iques  i n  p l z t i n g .  

S t u d i e s  of microbiP.1 d i e - o f f  r,?tes (Study "B") were done o.n a l l  

sevcn s t r i p  n s t c r i 3 . 1 ~ ~  b u t  cnch type of  m n t e r i n l  was assayed i n  a s e p o r e t e  

t r i a l .  

p rocedurcs  o u t l i n c d  i n  Study ' k ' l .  

Groups o f  f o u r  pe r sons  contsminated t h e s e  s t r i p s  by hcnd l ing  

S e t s  o f  50 s t r i p s  17erc L?nclyzcd inmed in te ly  n f t e r  cont<?minntion. 

S i m i l a r  se t s  oC con ta2 inn ted  s t r i p s  (50 p e r  sc t  f o r  p e r i o d s  through 1 week, 

25 p e r  s c t  f o r  l onge r  t i m e  i n t c r v c l s )  v7crc s t o r e d  i n  s t c r i l e  P e t r i  d i s h e s  

T - t  7 2  _+ 4O F. ,?nd GO 1- 10% R.H. Counts o f  microorg?.nisms s u r v i v i n g  s t o r a g e  



were m a d e  a f t e r  1, 2 ,  2nd 3 days F.nd , ? f t c r  1, 2 ,  6 ,  12 ,  2nd 20 weeks 

fo l lowing  contamina.tion. Ana lys i s  of i n d i v i d u a l  s t r i p s  fol lowed t h e  

p r o t o c o l  desc r ibed  i n  Study "A1'.  

E f f e c t s  of s p e c i a l  contaminat ion c o n t r o l  procedures  (Study "C") 

were eva lua ted  by s i m u l a t i n g  component p roduc t ion  o p e r a t i o n s  through t h e  

assembly of p r e v i o u s l y  s t e r i l i z e d  machine screws, washer and n u t  combina t ions .  

Four o p e r a t o r s ,  two male and two female,  each assembled 20 u n i t s  which were 

c o l l e c t e d  i n  s t c r t l e  P e t r i  d i shes  l a b c l l e d  f o r  each person .  Benches where 

assembly v a s  done rrere p r e v i o u s l y  c leansed  w i t h  70% e t h a n o l .  

A f t e r  a l l  "components" m r c  completed,  groups of f i v e  u n i t s  from 

each i n d i v i d u a l ' s  a s sembl i e s  were placed i n  b o t t l e s  of b u f f e r  s o l u t i o n  and 

ana lyzed  by t h c  method desc r ibed  i n  Study "A". 

t i v e  s t u d i e s  were made of t h e  fol lorr ing:  

1. Open l a b o r a t o r y  assembly wi th  : 

With t h i s  t echn ique  compara- 

a .  no hand c a r e  

b.  two minute  Ivo ry  soap ~ r a s h  

c .  two minute  Phisohex 1'F.Sll 

Assembly i n  a s p e c i a l  cab ine t  purged by an  a b s o l u t e  

f i l t e r c d  a i r  s t r eam.  Units were assembled w i t h  hand 

c a r e  s i m i l a r  t o  open 1c.boratory combinat ions and m 

z d d i t i o n a l  experiment  s s i n g  2. two minute  Phisohex wnsh 

p l u s  s t e r i l e  g loves .  

2. 

R e s u l t s  : 

A 1 1  detn r e p o r t e d  i n  t h i s  s tudy refer o n l y  t o  t h e  ,-.erobic, meso- 

p h i l i c ,  h e t e r o t r o p h i c  microorgnnisms. 

o t h e r  p h y s i o l o g i c a l  forms. 

No a t t e m p t  was made t o  enumerate 

Dct?.  i n  Table  I11 i n d i c n t e  t h e  d i f f e r e n c e s  i n  
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average  numbers of microorganisms depos i ted  on component m n t e r i n l s  when 

handled by groups of  i n d i v i d u a l s .  

These r c s u l t s  i n d i c z t e  t h p t  observed mezn c o n c e n t r n t i o n s  of m i c r o b i n l  

d e p o s i t i o n  v a r i e d  from one  group t o  thc  n e x t ,  nppnren t ly  r e f l e c t i n g  t h e  

i n f l u e n c e  of l z r g c  i n d i v i d u a l  v x i n b i l i t y .  Furthermore,  t h e  mean l e v e l s  

of  d e p o s i t i o n  z l s o  v;l.ried w i t h  t h e  t y p c  of m p t e r i c l  t e s t e d .  

V i th  the  excep t ion  of  s o l d c r  s t r i p s ,  t h e  mern l e v e l s  of  contaminn- 

t i o n  depos i t ed  by Group t? were c o n s i s t e n t l j  h i g h e r  t hzn  t h o s e  of Group B. 

Dzta For Groups C 2nd D i n d i c n t c  t h ? t  c o n t a n i n n t i o n  from t h e s e  groups was 

of  i n t e r m c d i a t e  lcvcls .  Under t h c  cond i t ions  of g e n e r n l l y  more i n t e n s e  

m i c r o b i n l  d e p o s i t i o n  from Group L l ,  t he  g r e z t e s t  ,-ccumulpted mepn contaminn- 

t i o n  occur red  on l u c i t e  and epoxy l<?minate ,  w i th  approximate ly  63  ;.nd 33 

v i n b l e  p p r t i c l e s  p e r  s t r i p ,  r c s p c c t i v e l y .  S c r u t i n y  of combined me?ns f o r  

a l l  g roups  p rov ides  ev idence  ~ 7 h i c h  sugges t s  t h n t  g r e a t e r  numbers o f  v i n b l e  

p n r t i c l e s  a r e  r e t a i n e d  on non-metz l l ic  m a t e r i r l s  thnn  on m e t a l l i c  m n t e r i z . 1 ~  

under  s i m i l p r  c o n d i t i o n s  of contclmin,qtion. 

Thc expe r imen ta l  r e s u l t s  obtpined from s t u d i e s  of  m i c r o b i ? l  s u r v i v a l  

on t h e  seven  m ? t e r i z l s  demonst ra te  i n t e r e s t i n g  d i f f e r e n c e s .  The mecIn 

c o n c e n t r z t i o n s  of orgnnisms i n i t i 2 . l l y  depos i t ed  on t h e s e  m a t e r i z l s  varied 

wide ly  as m?,y bc seen  i n  Tnblc  I V .  

were d e t e c t e d  on s t a i n l e s s  s t e e l ,  i rh i le  r menn level o f  on ly  1 7 . 7  v i n b l e  

p z r t i c l e s  occur rcd  on cluminum. 

d i f f e r e n c e s  i n  c l c - n l i n e s s  o i  hpmds, o r  i n  shedding from hznds,  of t h e  pe r sons  

p a r t i c i p n t i n g  i n  t h c s e  s t u d i e s .  

d i f f e r e n t  groups o i  i n d i v i d u z l s  on d i f f e r e n t  d-ys ,  such v a r i c t i o n  i n  con- 

c e n t r a t i o n s  of i n i t i n l  contzminnt ion might be expec ted .  

Me2n v? lues  of 240 v i a b l e  p p r t i c l e s  

PrcsumFbly t h e s e  vn r i ; r t i ons  r e s u l t e d  from 

Sincc t h e s e  m p t e r i n l s  werc handled by 
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Although t h i s  experiment i s  s t i l l  i n  p r o g r e s s ,  t h e  in fo rma t ion  

c o l l e c t e d  t o  d,o.tc sugges t s  ccrt,-.in t rends i n  mic rob ic1  survivp.1 r p t e s  on 

t h e  m?. ter ia ls  s t u d i e d .  Highest die-ol'f rF.tes x7ere observed on s t a i n l e s s  

s t ee l ,  where me3n coun t s  dropped from 239 v i a b l e  p ? r t i c l c s  t o  less t h a n  

one, over  n p c r i o d  of 20 weeks s t o r - g c .  Thus, i t  Pppears t h z t  s imple  s t o r c g e  

e f f e c t e d  .- 99% r e d u c t i o n  i n  t h e  o w n  m i c r o b i a l  p l c - t c  count  t o r  t h e  s t e e l  

s t r i p s .  The nluminum and s o l d c r  p l s t e d  s t r i p s  y i e l d c d  menn c o n c e n t r z t i o n s  

i n d i w t i n g  n 90% r e d u c t i o n  from t h e  Fnitip.1 c o n t - m i n s t i o n  l e v e l s  n f t e r  1 2  

weeks s t o r a g e .  

Lowest d i e - o f f  r z t c s  were observed on copper s t r i p s  and on t h e  non- 

rnet;..llic n n t e r i p . 1 ~  (epoxy lnrninp.te, l u c i t e  2nd t e f  l o n ) .  Although y i e l d i n g  

lowered mean coun t s  Eol loving  s t o r n g e ,  t h e s e  m n t e r i z l s  s t i l l  r e t a i n e d  nem 

l e v e l s  of 10 t o  25 vi '?ble  p a r t i c l e s  pe r  s t r i p  a f t e r  1 2  weeks s t o r a g e .  

Another  p o i n t  of  g r e n t  p o t e n t i n l  import2.nce i s  t h e  f z c t  t h a t  p r c l i n i n n r y  

d e t e r m i n a t i o n s  of t y p e s  of  microorg<-nisms s u r v i v i n g  a f t e r  1 2  and 20 weeks 

on 211 m a t e r i n l s  r cvcn led  '? very high p r o p o r t i o n  of  p o t e n t i a l  sporeforming 

s p e c i e s .  

D?.tz from t h e  s t u d i e s  of hand cpxc 2nd s p r c i n l  b a r r i e r s  t o  contp.mi- 

n a t i o n  r c v c z l c d  thF.t c c r t n i n  procedures were e f f c c t i v e  f o r  reducing  t h e  

t r n n s f e r  of m i c r o o r g a n i s m  t o  component r.i,o.teri?.ls (see T,-.ble V ) .  Wr?shing 

w i t h  o r d i m r y  s07.p y i e l d e d  e r r n t i c  r e s u l t s ,  i n c l u d i n g  i n  one inst?.nce 7. fou r -  

f o l d  i n c r c n s c  i n  counts  from t h e  nut T.nd screw 2 s s e n b l i e s .  

Hexachlorophene soap  s c r u b s  nppcnred t o  be modernt e l y  e f f e c t i v e  i n  

r e d u c i n g  t r n n s f c r  o f  c o n t m i n n t i o n .  

o b t a i n e d  v7ith ?. combinntion of  Phisohex s c r u b  p l u s  t h c  use of s t e r i l e  d i s p o s -  

a b l e  g l o v e s .  

The g r e n t e s t  c o n t m i n n t i o n  c o n t r o l  B.?S 

Use of t h i s  procedure reduced mcnn l e v e l s  of contnminat ion  
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t o  l e s s  t han  one organism pe r  assembled u n i t .  These d a t a  i n d i c a t e  t h a t  

even modest p r e c a u t i o n s  i n  hand c a r e  combined w i t h  t h e  u s e  of e f f e c t i v e  

b a r r i e r s  such a s  s t e r i l e  g loves  can reduce m i c r o b i a l  contaminat ion  c o n s i d e r -  

a b l y  below t h e  l e v e l s  a t t a i n e d  under c o n d i t i o n s  p r e v a l e n t  under o r d i n a r y ,  

u n c o n t r o l l e d  c i r cums tances .  A v a r i e t y  of  a d d i t i o n a l  experiments a r e  planned 

t o  f u r t h e r  i n v e s t i g a t e  t h e s e  phenomena. Among t h e s e  a r e  assembly t r i a l s  

w i t h  l a r g e r  and more complex u n i t s ,  t h e  u s e  of s t e r i l e  t o o l s  and s p e c i a l  

d r e s s  r equ i r emen t s ,  and a s e r i e s  of s t u d i e s  i n  a laminar downflow room 

which i s  now under c o n s t r u c t i o n .  
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I V .  LAMINAR DOWNFLObJ FACILITY FOR FUTURE EVALUATION 

Cons ide rab le  e f f o r t  was a l s o  expended i n  p l ann ing  and anF.lyzing f o r  

c o n s t r u c t i o n  o f  a p r e f a b r i c a t e d  laminar downflow room f o r  c a r r y i n g  o u t  

f u t u r e  experiments  i n  contaminat ion c o n t r o l  du r ing  s i m u l a t e d  assembly 

p rocedures .  The room w i l l  b e  s m a l l  (8 '  x 10 ' )  wi th  a 4 '  x 4 '  entryway. 

The room has been d e l i v e r e d  and i t  i s  hoped t h a t  i t  w i l l  be  c o n s t r u c t e d  

and i n  o p e r a t i o n  i n  t h e  ve ry  nee r  r u t u r e .  
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